Objective: Cardiovascular complications are still the primary reason for high mortality rates worldwide. The determination of risk factors is important to prevent stroke. The aim of the present study was to analyze the importance of serum lipid indexes and urinary sodium (Na)/potassium (K) excretion in patients with stroke together with sex differences.
Introduction
Owing to the aging population in the developed world, aging is a growing worldwide problem that has been reported to reduce the quality of life with high morbidity and mortality. Progression cannot be remediated; therefore, optimal management of aging should include an assessment of risk factors related with morbidity and mortality. Cardiovascular (CV) complications are the most important cause of mortality and morbidity worldwide. Stroke is the third most common cause of mortality and one of the main causes of physical disability of adults. It is caused by blocking of blood vessels that carry oxygen and nutrients to the brain. As a result, the brain needs blood, it cannot receive oxygen, and brain cells die [1] . Therefore, a good identification of risk factors for CV complications and prior knowledge of high-risk individuals are important for primary prevention. Biomarkers are needed to better define risk factors and guide us in clinical practice. A biomarker comprises small samples from the patient, such as blood, urine, and saliva, obtained through non-invasive techniques. The use of biomarkers in clinical practice is becoming more widespread and provides valuable information [2, 3] .
Various lipid indexes show the risk of mortality rather than lipid levels in advanced age populations. Additionally, serum lipid abnormalities are considered as a risk factor for stroke development. However, a few studies reported some inconsistencies in the relationship between lipid profiles and the risk of stroke [3, 4] . The plasma atherogenic index (PAI) emerged as a valuable marker in determining the risk of CV diseases [3] . Recently, high levels of sodium (Na) and low levels of potassium (K) intake were shown to be associated with high blood pressure and increased CV complications. The structure and level of this relationship varied according to the characteristics of the participants and the way in which the acquired samples were assessed [5] . The aim of the present study was to analyze the clinical significance of PAI and other lipid indexes [Castelli' s risk index (CRI) I and II, atherogenic coefficient (AC), non-HDL cholesterol (NHC)] and 24-hour urinary Na and K excretion in patients with stroke.
Materials and Methods
This was a case-control study. A total of 50 (28 male and 22 female) patients with acute stroke comprised the study group, and 32 (13 male and 19 female) body mass index (BMI)-matched healthy subjects were included in the control group. The age, height, weight, existence of hypertension, use of antihypertensive medication, systolic/diastolic blood pressure, plasma lipids [cholesterol, triglyceride (TG), very lowdensity lipoprotein (VLDL), low-density lipoprotein (LDL), and high-density lipoprotein (HDL)], serum creatinine (Cre), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and Na, K, and Cre excretion in spot urine samples of the participants were recorded. Biochemical analysis was done by the device, ADVIA 1800 Clinical Chemistry System, Siemens, Erlangen, Germany. The lipids, lipid indexes, and other biochemical parameters of the patients in the study and control groups were examined using appropriate statistical tests.
PAI, which is a lipid index, is measured as the ratio of the logarithmic value of TG to highdensity lipoprotein cholesterol (HDLc). The following formulas were used for other lipid indexes:
CRI-I: total cholesterol/HDLc, CRI-II: low-density lipoprotein cholesterol (LDLc)/HDLc, AC: (total cholesterol−HDLc)/HDLc, Non-HDLc: total cholesterol−HDL [3] .
The formulas developed by Kawasaki et al. [6] and Tanaka et al. [7] were used to predict the mean urinary Na and K excretion levels in the spot urine samples obtained in 24 h. The 24-hour urinary Na and K excretion was not affected by recall errors and represented all sources of uptake [6, 7] .
Patients with a history of chronic renal failure, hepatic dysfunction, atrial fibrillation, congestive cardiac failure, acute or chronic infection, chronic obstructive pulmonary disease, and inflammatory rheumatologic diseases were excluded from the study. 
Statistical Analysis

Results
The study group consisted of 50 (28 male and 22 female) patients. The mean age of the study group was 65.9±14.6 years. The control group included 32 (13 male and 19 female) subjects. The mean age of the control group was 60.9±14.1 years. Both groups were similar with regard to sex (p=0.17), age (p=0.13), and BMI (p=0.72). The demographic and laboratory data of both groups are summarized in Table 1 .
Overall, 52% of the study group and 46.9% of the control group were using antihypertensive medication (p=0.59) ( Table 2 ). The Na and K excretion levels in the spot and 24-hour urine samples in male patients are given in Table 3 . Systolic blood pressure (p=0.021), ESR (p=0.044), and CRP (p=0.042) were significantly higher in all patients in the stroke group; urinary Tanaka (K) (p=0.033), urinary Kawasaki (K) (p=0.028), Cre (p=0.012), and Na excretion in the spot urine (p=0.036) were significantly low in only male patients in the study group. The urinary Na/K ratios were 2.9±2.7 in the study group and 2.0±1.3 in the control group (p=0.103). Moreover, the urinary Na (Kawasaki) was positively correlated with systolic blood pressure (p=0.001; r=0.381).
The mean PAIs were 0.57±0.24 in the study group and 0.54±0.22 in the control group (p=0.61). The PAI was positively correlated with urinary K excretion (Kawasaki) (p=0.014; r=0.315). ESR was significantly high in female patients in the hypertensive (HT) group (p=0.008). Lipid indexes, such as CRI-I (p=0.29), CRI-II (p=0.24), AC (p=0.29), and NHC (p=0.69), were not statistically different from the controls in patients with stroke (Table 1) .
When we divided all the groups with regard to sex, female patients had higher BMI (p<0.001), HDL (p=0.017), and VLDL (p=0.022), and male patients had higher CRI-I (p=0.034), AC (p=0.034), Kawasaki Na (p=0.026), urinary spot Na (p=0.001), urinary Na/K ratio (p=0.018), and urinary spot Cre (p=0.008) levels (Table 4) .
Discussion
The study and control groups were the same with regard to age, sex, and BMI. According to the results, all lipid indexes including PAI, CRI-I, CRI-II, AC, and NHC were the same as the controls in patients with stroke. Acute phase reactants, which show inflammation and systolic tension, were higher in patients with stroke than in controls. Urinary K, Na, and Cre excretion was found to be lower in male patients with stroke than in controls. There was no difference with regard to antihypertension medications. We also find differences in some lipid indexes (HDL, CRI-I, and AC against male sex), urinary Na and Cre excretion, and urinary Na/K ratio with regard to sex.
Stroke is the leading cause of inevitable deaths. The high mortality and morbidity rates of this disease can be precluded by knowing the possible risk factors that lead to this disease. Age, sex, race, and family history of stroke development are modifiable risk factors, and hypertension, diabetes, CV diseases, smoking, alcohol, obesity, dyslipidemia, physical inactivity, inflammation, hypercoagulability, and medication are unmodifiable risk factors [3-5, 8, 9] .
Concentrations of lipid biomarkers in circulation have been found to be associated with CV disease risk [10, 11] . In particular, intraindividual variabilities in TG, LDLc, and HDLc levels should be considered [12] . Sujatha et al. [3] suggested that lipid parameters and indexes are significantly higher in patients with stroke. Uslu et al. [5] found that PAI is an independent risk factor in the diagnosis of atherosclerosis in patients with systemic lupus erythematosus. In the present study, no significant difference was found with regard to lipid indexes and PAI between the stroke and control groups. Bendzala et al. [11] revealed that PAI is positively correlated with age, comorbidity, statin use, and mortality risk regardless of smoking in patients with hypertension aged >60 years. Cai et al. [13] suggested that PAI can be a strong marker for predicting risk for CV diseases. Ersoy et al. [14] found that HDL, LDL, and PAI levels are negative factors for osteoporosis. Individuals with low physical activity were found to have high PAI values, causing an accelerated atherogenic process and CV diseases in the long term [15] . Gunay et al. [16] found that atherogenic indices (PAI, cardiogenic risk ratio, and AC) can be considered as a useful predictor for atherosclerosis and CV diseases in stable patients with chronic obstructive pulmonary diseases.
Hypertension control in patients with stroke was a key factor for preventing the disease [17] . Blood pressure control is important after stroke [18, 19] . In the present study, the prevalence of hypertension was found to be similar in both groups, but systolic blood pressure was significantly higher in the stroke group. Thrombosis is the most common cause of mortality in various CV events. Oxidized lipoproteins were the most common triggering factors in chronic inflammatory diseases associated with a high risk of thrombosis. Thromboinflammation can affect venous thrombosis [20] . In patients with stroke after cerebral ischemia, the presence of inflammatory cells (macrophages, neutrophils, and monocytes) at the site of injury supports the role of inflammation in the pathogenesis of stroke. With developed techniques, many inflammatory mediators, such as cytokines, chemokines, leukocytes, and adhesion molecules, have been shown in ischemic tissue and the environment. In ischemic brain injury, inflammation is important both in disease pathogenesis and in clinical course and prognosis [21] . In the present study, the inflammation parameters were found to be significantly higher in the stroke group, supporting this hypothesis.
The relationship between Na and K intake is still unclear in patients with CV diseases. The levels of Na and K intake in different populations are not known clearly. However, long-term studies using 24-hour urine samples and accurate estimation of daily K intake are scarce. The urinary excretion of >7 g of Na/day increases the risk for all patients with CV disease. Excretion of <3 g/day of Na was also associated with increased CV disease mortality. Moreover, high K excretion was associated with decreased stroke risk [22] . Compatible with the literature, in our study, urinary Na and K excretion was found to be lower in male patients with stroke than in controls. Increased dietary Na and Na/K ratios were associated with increased blood pressure and prehypertension. In addition, diet was seen as a preventive method to inhibit unnecessary Na intake [23] . The Na/K ratios were similar in the groups independent of sex, and no relationship between systolic or diastolic tension and urinary Na/K ratio was found.
Prentice et al. [19] found a positive correlation between HT incidence and Na intake and urinary Na/K ratio in 40 postmenopausal women. They also found a positive correlation between Na/K ratio and CV diseases, such ischemic stroke, and an inverse correlation with hemorrhagic stroke. A poor correlation was found between observational studies of dietary K intake and CV disease risk. We did not investigate dietary intake. Kieneker et al. [24] found that urinary K excretion is not an independent risk factor for CV disease including stroke. Mentee et al. [25] found that urinary K excretion in older patients with hypertension is negatively associated with systolic blood pressure. Jackson et al. [8] found a strong positive correlation of hypertension with urinary Na excretion and a negative correlation with K excretion. We found a positive correlation between urinary Na excretion and systolic blood pressure. Therefore, free radicals were thought to increase K excretion in patients with acute stroke, and K deficiency caused various undesirable cardiac reactions [26] . The present study also found that urinary K and Na excretion was significantly lower in male patients with stroke than in controls. When we divided all the groups according to gender, although the BMI of the female patients was higher, some lipids, urinary Na and Cre excretion, and urinary Na/K ratio were higher in male patients. This result supports the high risk of atherosclerotic diseases in men. Sex differences should be considered separately when evaluating CV risk factors.
Our study has some limitations. Patients with stroke in all etiologies (ischemic, hemorrhagic, and subarachnoid hemorrhage) were included in the present study. Different etiologies may have affected the laboratory outcomes of the patients. The fact that the study data belonged to one local center limits the generalization of the results. When we calculated the laboratory data, these patients were in acute period stroke, and medical treatment had already started. These treatments may affect urine results. Although there were no differences in the medications taken, it would be more useful to obtain laboratory data before a stroke event occurs.
Some practical biomarkers are needed to determine the risk of stroke in the elderly. We found that urinary Na, K, and Cre excretion was low in only male patients with stroke, and that inflammation parameters were higher in the entire stroke group than in controls. Additionally, the lipid indexes of patients with stroke were the same as the controls. When we divided all the groups according to sex, although female patients had higher BMIs than male patients, some lipid indexes (CRI-I and AC), urinary Na and Cre excretion, and Na/K ratio were higher in male patients.
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